This prospective study was done at the Southern Railway Headquarters Hospital, Ayanavaram, Chennai to measure the intraoperative blood loss during adenotonsillectomy and to assess the factors affecting it. Since blood volume in children is low, even a small loss will result in dreaded complications, so blood loss measurement in paediatric surgery is important. Adenotonsillectomy is the most common surgery performed in the field of otolaryngology, so blood loss measurement is essential in this surgery. In the study, 50 children who underwent adenotonsillectomy, by conventional dissection and snare method for tonsillectomy and curette method for adenoidectomy, were evaluated for operative blood loss. This study was conducted over a 1 year period, from June 2013 to June 2014. Both gravimetric method and blood volume studies were used to measure the operative blood loss. The estimated blood loss by gravimetric method was 94.35 ml, whereas the actual blood loss by blood volume studies was 90.57 ml and the average blood loss was 92.46 ml. The youngest child who was operated was 4 years old and the oldest child was 15 years old. The minimum blood loss was 40.30 ml and the maximum was 278.46 ml. In our series, operative blood loss was dependent on fibrosis of tonsil and the grade of the tonsil. There was no significant correlation between age and sex of the patient and the surgical skills.
Introduction
Adenotonsillectomy is one of the most commonly performed surgeries in the field of ENT. Since most of the patients undergoing adenotonsillectomy are children, even small amounts of blood loss may lead to severe complications. No single technique of adenotonsillectomy can be recommended as an ideal method. Conventional dissection and method remains the procedure of choice in many centers. Operative blood loss depends upon sex, age, operating surgeon, grade of the tonsil and presence of fibrosis.
There are many studies which show bleeding as the most common complication of adenotonsillectomy and various methods to reduce blood loss [1] - [7] , but only very few studies have dealt with measurement of adenotonsillectomy blood loss [1] [3]- [7] . It is difficult to accurately measure the operative blood loss in adenotonsillectomy [1] . Various methods of blood loss measurement have been suggested. These include subjective estimation which is highly unreliable and objective methods such as gravimetric methods (swab weighing, weighing the patient, etc.), automated blood loss meter based on electrolyte conductivity, calorimetric method and measuring the radioactivity of blood [8] .
Materials and Methods
Patients presenting with recurrent adenotonsillitis in the age group of 4 to 15 years old who were posted for adenotonsillectomy by conventional dissection and snaring method were included in the study. Children below 4 years old were not included in the study because they have low blood volume. On admission, all the children were weighed and their hemoglobin and hematocrit were measured using automated hematology analyzer. Their tonsillar grade was measured.
Tonsillar enlargement can be graded according to subjective measurement [9] . Grade 1 Tonsils are in the tonsillar fossa. Grade 2 Tonsils are visible behind the anterior pillar, and occupying 50% of oropharyngeal space. Grade 3 Tonsils occupy 50% to 75% of oropharyngeal space. Grade 4 Tonsils occupy more than 75% of oropharyngeal volume. Other investigations were also done for anesthesia fitness. Before starting the procedure, a good amount of cotton and ribbon gauze were taken and sterilized. The suction bottle, including the rubber tube, was cleaned and emptied completely. A known quantity of saline was taken in the bowl and used for intermittent suction in order to prevent blockage of suction tube. All the cases were operated under general anaesthesia with an orotracheal intubation after inducing with propofol and fentanyl. Vecuronium was used as the muscle relaxant and anesthesia maintained with sevoflourane. Glycopyrrolate was used to decrease the salivary secretion. During surgery, all the blood lost was collected in the suction bottle. After adenoidectomy, a length of ribbon gauze piece was packed in the nasopharynx. Tonsillectomy was then performed and the bleeding points were immediately cauterized or clamped and ligated. The tonsillar fossae were packed with cotton balls. Once the tonsils were snared off, these were squeezed thoroughly into the gauze or cotton ball and the tonsils were discarded. After ligating the bleeding points, the nostrils and the nasopharynx were suctioned. Then all the saline taken in the bowl was suctioned into the suction bottle. The suction tube was raised above the level of suction bottle to ensure that all the fluid was emptied into the suction bottle. The quantity of fluid in suction bottle was then measured by pouring it into the measuring cylinder and the quantity was measured. Postoperative hemoglobin and hematocrit were also measured. Blood loss was calculated by taking the average of actual blood loss and estimated blood loss [10] . Average blood loss is calculated from actual blood loss and estimated blood loss.
Results
A total of 50 children who underwent adenotonsillectomy by conventional method were selected. The proportion of children aged below 10 years old and 10 years old and above was 46% and 54% respectively. The proportion of males and females was 60% and 40% respectively. 76% of surgeries were performed by junior residents and 24% by consultants. The proportion of tonsil grade 2 and grade 3 were 40% and 60% respectively out of which 26% were fibrosed. The mean actual blood loss calculated from patient's blood volume and pre and post operative hematocrit was 90.57 ml. The mean estimated blood loss calculated from number of cotton balls, gauze used, and amount of blood in suction bottle was 94.35 ml. The mean average blood loss calculated from the average of actual blood loss and estimated blood loss was 92.46 ml. Mean blood loss in children less than and more than 10 years old were 85.29 ml and 98.57 ml respectively. Even though mean average blood loss was 13.28 ml more in 10 years old and above age group, this difference was not statistically significant (P > 0.05) (Figure 1) .
In males the mean blood loss was 98.48 ml and in females it was 88.45 ml. Though the blood loss was 10.03 ml more in males, it was not statistically significant (P > 0.05) (Figure 2) .
Compared to consultant group, where the blood loss was 75.26, mean value of blood loss was 22.64 ml more in junior resident group. In the hands of the junior residents, the blood loss was 97.89 ml, but this difference was not statistically significant (Figure 3) .
The mean blood loss in grade 2 tonsil was 111.94 ml, whereas in grade 3, it was 79.48 ml. Grade 2 tonsil has 32.46 ml more blood loss than grade 3 which was statistically significant(P< 0.05) (Figure 4) .
The mean blood loss in fibrosed tonsil was 120.19 ml, and without fibrosis was 82.72 ml. The mean difference was 37.48 ml and it was statistically significant (P <0.05) (Figure 5 ).
Discussion
Blood loss estimation is rarely done in adenotonsillectomy, but a review of literature indicates that mortality associated with adenotonsillectomy is almost invariably associated with heavy bleeding. If the blood loss at adenotonsillectomy were always measured, and its importance appreciated by reference to the equivalent percentages of blood volume at different ages, catastrophes would no doubt be less common [12] . Routine blood loss measurements enable a more scientific assessment and comparison of different surgeries and methods to reduce blood loss.
In children physiological mechanisms are less adaptable. So, even a moderate blood loss will lead to hemodynamic instability and complications [1] . Thus the estimation of blood loss for nearly all pediatric surgeries and a more widespread appreciation of the equivalent quantities for adults and children would do much to reduce dangerous imbalance of blood volume [12] .
By using independent T test, various parameters were correlated with blood loss. Though mean blood loss difference between children less than and more than 10 years old was 13.28, this difference was not statistically significant (P > 0.05). So, age in children and the blood loss is not significant and patient's age doesn't have an impact on adenotonsillectomy blood loss. This finding correlates with Holden and Maher's [2] and Shalom's [13] study on blood loss measurement. In a study conducted by KC Prasad and SC Prasad [1] , it was shown that the older the child is, the greater the blood loss is. Though the difference in mean blood loss between males and females was 10.03 ml, it was not statistically significant (P > 0.05). So, sex difference and the blood loss are not significant, and the patient's gender doesn't have an impact on adenotonsillectomy blood loss. In Shalom's study, he didn't find any significant relation between blood loss and sex of the patient. In our study also the blood loss was not statistically significant between the two genders. In contrast, KC Prasad and SC Prasad's study showed more blood loss in male patients. Compared to consultant group, mean value of blood loss was 22.64 ml more in junior resident group but this difference was not statistically significant. So, the surgeon doesn't have an impact on adenotonsillectomy blood loss. This finding differs from the finding of the study of Sporell et al. [3] , where surgical technique and surgical skill have a considerable influence. In Davenport and Barr's study [12] , the loss of blood in adenotonsillectomy by each surgeon varied considerably, but was fairly constant for each surgeon and independent of experience. Grade 2 tonsil has 32.46 ml more blood loss than grade 3 tonsil, which is statistically significant (P < 0.05). So, tonsillar grade and blood loss are significant, and the tonsillar grade has an impact on adenotonsillectomy blood loss. There was no other study correlating the grade and tonsillectomy blood loss. The mean difference in blood loss between tonsil with and without fibrosis was 37.48 ml and it was statistically significant (P < 0.05). Holder and Maher's study showed significant blood loss in fibrosed tonsil.
The studies by Callanan et al. [4] , Boliston and Upton [5] , Shalom, De Reyner [6] , Maier and Bogue [7] have shown that the blood loss during tonsillectomy and adenotonsillectomy was more than 100 ml. In Spoerell, Ruggles [14] and Prasad's study, the blood loss during adenotonsillectomy was comparatively less than tonsillectomy alone. Since the tonsillectomy alone was performed in adults, blood loss was more in tonsillectomy alone group than adenotonsillectomy group. The mean of actual blood loss was 90.57 ml and the mean of estimated blood loss was 94.35 ml. The average blood loss of these two parameters was 92.46 ml. Blood loss measurement by gravimetric method and laboratory method didn't vary significantly. In study of Lee et al., by comparing gravimetric and laboratory methods, highly significant correlation was found between laboratory and gravimetric methods, supporting the use of weight measurement as accurate and less time consuming or costly when compared to the laboratory method [15] . In Johar and Smith's study, no significant correlation was found between gravimetric and laboratory methods [16] .
Conclusion
The study was conducted on a total of 50 patients who underwent adenotonsillectomy by conventional dissection and snare method. Both calorimetric and repeated volume determination methods were used to assess the intraoperative blood loss. The average amount of blood loss in adenotonsillectomy was 92.46 ml. The amount of blood loss was more with increasing age, females, and the case operated by junior residents, but it was not statistically significant. Statistically significant blood loss was noted in grade 2 tonsillar enlargement and in fibrosed tonsil.
